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(m) A composite heat source. 

(57) This invention relates to a heat source com- 
prising a mixture of metal carbide, metal nitride 
and metal which undergo a staged ignition 
process, particularly useful in smoking articles. 
The metal carbide/metal nitride/metal mixtures 
making up the heat source (20) have ignition 
temperatures that are substantially lower than 
conventional carbonaceous heat sources, while 
at the same time provide sufficient heat to 
release a flavored aerosol from a flavor bed (21) 
for inhalation by the smoker. Upon combustion 
the heat source produces substantially no car- 
bon monoxide or nitrogen oxides. 
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Background of the invention 

This invention relates to heat sources comprising 
mixtures of combustible materials. The heat sources 
of the present invention are preferably such that they 
produce substantially no carbon monoxide or nitrogen 
oxides. Such heat sources are patrticularly suitable 
for use in a smoking article such as that described in 
our United States patent No. 4,991 ,606. 

There have been previous attempts to provide a 
heat source for a smoking article. While providing a 
heat source, these attempts have not produced a heat 
source having all of the advantages of the present in- 
vention. 

For example, Siegel United states patent 
2,907,686 discloses a charcoal rod coated with a con- 
centrated sugar solution which forms an impervious 
layer during burning. It was thought that this layer 
would contain gases formed during smoking and con- 
centrate the heat thus formed. 

Ellis et al. United States patent 3,258,015 and El- 
lis et al. United States patent 3,356,094 disclose a 
smoking device comprising a nicotine source and a to- 
bacco heat source. 

Boyd et al. United States patent 3,943,941 disclo- 
ses a tobacco substitute which consists of a fuel and 
at least one volatile substance impregnating the fuel. 
The fuel consists essentially of combustible, flexible 
and self-coherent fibers made of a carbonaceous ma- 
terials containing at least 80% carbon by weight The 
carbon is the product of the controlled pyrolysis of a 
cellulose-based fiber containing only carbon, hydro- 
gen and oxygen. 

Bolt et al. United States patent 4,340,072 disclo- 
ses an annular fuel rod extruded or molded from to- 
bacco, a tobacco substitute, a mixture of tobacco sub- 
stitute and carbon, other combustible materials such 
as wood pulp, straw and heat-treated cellulose or a 
sodium carboxymethyl cellulose (SCMC) and carbon 
mixture. 

Shelaretal. United States patent 4,708,151 dis- 
closes a pipe with replaceable cartridge having a car- 
bonaceous fuel source. The fuel source comprises at 
least 60-70% carbon, and most preferably 80% or 
more carbon, and is made by pyrolysis or carboniza- 
tion of cellulosic materials such as wood, cotton, ra- 
yon, tobacco, coconut, paper and the like. 

Banerjee et al. United States patent 4,714,082 
discloses a combustible fuel element having a density 
greater than 0.5 g/cc. The fuel element consists of 
comminuted or reconstituted tobacco and/or a tobac- 
co substitute, and preferably contains 20%-40% by 
weight of carbon. 

Published European patent application 0 1 1 7 355 
by Heam t al. discloses a carbon heat source formed 
from pyrolized tobacco or other carbonaceous mate- 
rial such as peanut shells, coffee bean shells, paper, 
cardboard, bamboo, or oak leaves. 



Published European patent application 0 236 992 
by Farrier et al. discloses a carbon fuel element and 
process for producing the carbon fuel el ment The 
carbon fuel element contains carbon powder, a binder 

5 and other additional ingredients, and consists of be- 
tween 60% and 70% by weight of carbon. 

Published European patent application 0 245 732 
by White et al. discloses a dual burn rate carbona- 
ceous fuel element which utilizes a fast burning seg- 

10 ment and a slow burning segment containing carbon 
materials of varying density. 

These heat sources are deficient because they 
provide unsatisfactory heat transfer to the flavor bed, 
resulting in an unsatisfactory smoking article, i.e. one 

15 which fails to simulate the flavor, feel and number of 
puffs of a conventional cigarette. 

Our United States patent 5 076 296 solved this 
problem by providing a carbonaceous heat source 
formed from charcoal that maximizes heat transfer to 

20 the flavor bed, releasing a flavored aerosol from the 
flavor bed for inhalation by the smoker, while minimiz- 
ing the amount of carbon monoxide produced. 

However, all conventional carbonaceous heat 
sources liberate some amount of carbon monoxide 

25 gas upon ignition. Moreover, the carbon contained in 
these heat sources has a relatively high ignition tem- 
perature, making ignition of conventional carbona- 
ceous heat sources difficult under normal lighting con- 
ditions for a conventional cigarette. 

30 Attempts have been made to produce non-com- 
bustible heat sources for smoking articles, in which 
heat is generated electrically, e.g., Burruss, Jr., Uni- 
ted States patent 4,303,083, Burress United States 
patent 4,141,369, Gilbert United States patent 

35 3,200,819, McCormich United States patent 
2,104,266 and Wyss et al. United States patent 
1,771,366. These devices are impractical and none 
has met with any commercial success. 

Attempts have been made to produce pyrophoric 

40 materials comprising metal aluminides that will bum in 
a controlled fashion, thereby allowing their use as a 
decoy for heat-seeking missiles, e.g., Baldi, United 
States patent 4,799,979. These devices, however, 
combust too rapidly and produce too intense a heat to 

45 be used as a heat source in a smoking article. 

Attempts have been made to produce a combust- 
ible, non-carbonaceous heat source. Our United 
States patent 5,040,552 is directed to a metal carbide 
heat source which produces tenfold less carbon mon- 

so oxide than conventional carbon heat sources. Our 
pending United States patent application Serial No. 
07/443,636, published as EP-A-0 430 658 relates to 
a metal nitride heat source that also produces sub- 
stantially no carbon monoxide or nitrogen oxides 

55 upon combustion. Our pendingllnited States patent 
application Serial No. 07/556,732 published as EP-A- 
0 467 658 is directed to a heat source comprising car- 
bon and metal carbide that also produces substantial- 
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ly no carbon monoxide or nitrogen oxides upon com- 
bustion. 

It would be desirable to provide a heat source that 
has a low temperature of ignition to allow for easy 
lighting under conditions typical for a conventional ci- 
garette, while at the same time providing sufficient 
heat to release flavors from a flavor bed. 

It would further be desirable to provide a heat 
source that does not self-extinguish prematurely. 

It would also be desirable to provide a heat source 
that liberates virtually no carbon monoxide or nitrogen 
oxides upon combustion. 

Summary of the Invention 

In accordance with a first aspect of this invention, 
the heat source is characterized in that the materials 
comprise a low ignition temperature component with 
an ignition temperature in the range of 150 to 380°C 
and a combustion temperature in the range of 500 to 
650°C; and a high ignition temperature component 
with an ignition temperature in the range of 500 to 
900°C and a combustion temperature in the range of 
700 to1500°C. 

In preferred embodiments of the invention an ad- 
ditional component is present, having an ignition tem- 
perature in the range of 340 to 600°C and a combus- 
tion temperature in the range of 500 to 800°C Upon 
combustion, the heat sources of this invention under- 
go a staged ignition process. The component with the 
lowest ignition temperature ignites first The combus- 
tion of this component provides sufficient heat to ig- 
nite a second component, which, in turn, supplies suf- 
ficient heat to ignite a third component which supplies 
the energy necessary to propagate combustion of the 
heat source. 

In accordance with a second aspect of this inven- 
tion the heat source is characterized by comprising a 
metal carbide, a metal nitride and a metal. 

Metal carbides are hard, brittle materials which 
are readily reducible to powder form. Metal carbides 
can have a wide range of stoichimetries. 

A preferred example of metal carbide for use in 
this invention is iron carbide. Iron carbides consist of 
at least two well-characterized phases -Fe s C2, also 
known as Hagg's compound, and Fe 3 C, referred to as 
cementite. Other phases of iron carbide may also be 
formed. J.P. Senateur, Ann. Chem., vol. 2, p. 103 
(1967). ~ 

Metal nitrides are hard, brittle compounds charac- 
terized by high melting points. Metal nitrides are inter- 
stitial alloys having atomic nitrogen bound in the inter- 
stices of the parent metal lattice. The nitride lattice is 
closely related to the cubic or hexagonal close- 
packed lattice found in the pure metal. Metal nitrides 
can have a wide range of stoichiometries. 

Preferred examples of metal nitride for use in this 
invention are iron nitride and zirconium nitride. Iron 



nitride, for exampl , can have formulas ranging from 
Fe 2 N to Fe 16 N 2 . (Goldschmidt, H.I., Interstitial Alloys , 
pp. 214-231, Butterworths, London, 1967). Zirconium 
nitride has the formula ZrN. 

5 A preferred example of a metal for use in this in- 

vention is zirconium and iron. 

By virtue of its high combustion temperature 
(greater than 1200°C), zirconium nitride or zirconium 
functions as a "hot spot" within the heat source, which 

10 generates sufficient thermal energy to sustain the 
combustion of the heat source as a whole. 

The heat sources of this invention comprise mix- 
tures of metal carbide, metal nitride and metal. Upon 
combustion, the metal carbide/metal nitride/metal 

is mixtures liberate substantially no carbon monoxide or 
nitrogen oxides. The metal carbide/metal nitride/met- 
al heat sources undergo essentially complete com- 
bustion to produce metal oxide, carbon dioxide, and 
molecular nitrogen, without producing any significant 

20 amounts of carbon monoxide or nitrogen oxides. 

Catalysts, enhancers and burn additives may be 
added to the metal carbide/metal nitride/metal mixture 
to promote complete combustion and to provide other 
desired burn characteristics. 

25 For use in smoking articles, the heat source 
should meet a number of requirements in order for the 
smoking article to perform satisfactorily. It should be 
small enough to fit inside the smoking article and still 
burn hot enough to ensure that the gases flowing 

30 through are heated sufficiently to release enough fla- 
vor from the flavor bed to provide flavor to the smoker. 
The heat source should also be capable of burning 
with a limited amount of air until the combusting heat 
source is expended. Upon combustion, the heat 

35 source should produce virtually no carbon monoxide 
or nitrogen oxides. 

The heat source should have an appropriate ther- 
mal conductivity. If too much heat is conducted away 
from the burning zone to other parts of the heat 

40 source, combustion at that point will cease when the 
temperature drops below the extinguishment temper- 
ature of the heat source, resulting in a smoking article 
which is difficult to light and which, after lighting, is 
subject to premature self-extinguishment The ther- 

45 mal conductivity should be at a level that allows the 
heat source upon combustion, to transfer heat to the 
air flowing through. The heated airflows through a fla- 
vor bed, releasing a flavored aerosol for inhalation by 
the smoker. Premature self-extinguishment of the 

so heat source is prevented by having a heat source that 
undergoes essentially 100% combustion. 

While the heat sources of this invention are par- 
ticularly useful in smoking articles it is to be under- 
stood that they are also useful as heat sources for 

65 other applications, where having the characteristics 
described herein is desired. 
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Brief Description Of The Drawings 

The above and other objects and advantages of 
this invention will be apparent upon consideration of 
the following detailed description, taken in conjunc- 
tion with the accompanying drawings, in which like 
reference characters refer to like parts throughout 
and in which: 

Fig. 1 depicts a longitudinal cross-sectiona! view 
of a smoking article in which the heat source of 
this invention may be used; 
Fig. 2 shows the thermal behavior of the individ- 
ual components of a heat source with three com- 
bustible components; and 
FIG. 3 depicts a plot of time versus temperature 
upon ignition of a heat source of this invention and 
transfer of heat to the flavor bed. 

Detailed Description Of The Invention 

The metal carbide used to make the heat source 
is preferably iron carbide. Preferably, the iron carbide 
has the formula Fe x C, where x is between 1 and 3 in- 
clusive. Most preferably, the metal carbide is iron car- 
bide having the formula Fe 5 C 2 . Other metal carbides 
suitable for use in the heat source of this invention in- 
clude carbides of titanium, tungsten, manganese and 
niobium, or mixtures thereof. The metal carbides may 
contain a small amount of carbon. 

The metal nitride used to make the heat source is 
preferably iron nitride, and more preferably an iron 
nitride having the formula Fe x N, where x is between 
2 and 4 inclusive. An additional preferred metal nitride 
is zirconium nitride having a formula of ZrN. The most 
preferable metal nitride is a mixture of iron nitride and 
zirconium nitride combined in a ratio ranging between 
about 2:3 and about 3:2 (iron nitride: zirconium nitr- 
ide). Other metal nitrides suitable for use in this inven- 
tion include nitrides of aluminum and boron, or mix- 
tures thereof. The metal used to make the heat source 
is preferably iron and most preferably zirconium. 

The components of the metal carbide/metal nitr- 
ide/metal heat sources of this invention have different 
ignition temperatures and, therefore, undergo a stag- 
ed ignition process. As depicted in FIG. 2, upon igni- 
tion of the heat source, the component with the lowest 
ignition temperature ignites first (point T^. This first 
component generates sufficient heat during its com- 
bustion (point T 4 ) to ignite the component with the 
next highest ignition temperature (point TJ. During 
the combustion of the second component enough 
heat is generated (point T 6 ) to ignite the component 
with the next highest ignition temperature (point T 3 ). 
The third component has a combustion temperature 
sufficiently high (point T 6 ) to generate the heat neces- 
sary to sustain a satisfactory bum of the heat source. 
This third component has an ignition temperature too 
high to be reached easily under normal lighting con- 



ditions for a conventional cigarette (i.e. match). 
Therefore this staged ignition process allows for an 
easy ignition with the benefit of a high temperature 
combustion. 

5 In a preferred embodiment the heat source com- 

prises three components with different ignition and 
combustion temperatures. The first component will 
have an ignition temperature in the range of about 
150°C to about 380°C, preferably, in the range of 

10 180°C to about 350°C, and most preferably, in the 
range of about 200°C to about 300°C and a combus- 
tion temperature in the range of about 350°C to about 
650°C, preferably, in the range of about 400°C to 
about 600°C and most preferably, in the range of 

15 about 450°C to about 550°C. 

The second component wfll have an ignition tem- 
perature in the range of about 340°C to about 600°C, 
preferably, in the range of about 400°C to about 
600° C, and most preferably, in the range of about 

20 450°C to about 550°C and a combustion temperature 
in the range of about 500°C to about 800°C, prefer- 
ably, in the range of about 550°C to about 750°C, and 
most preferably, in the range of about 600°C to about 
700°C. 

25 The third component will have an ignition temper- 
ature in the range of about 500°C to about 900°C, pre- 
ferably, in the range of about 550°C to about 800°C, 
and most preferably, in the range of about 600°C to 
about 700°C and a combustion temperature in the 

30 range of about 650°C to about 1 500°C, preferably, in 
the range of about 700°C to about 1200°C and, most 
preferably, in the range of about 750°C to about 
900°C. 

The first component preferably will be an iron car- 

35 bide (prepared by the method of reducing and carbid- 
izing iron oxide at a temperature between about 
450°C and about 900 °C, followed by passivating in 
air, resulting in predominantly Fe 3 C); an iron nitride 
(prepared by the nitridation of metallic powders with 

40 ammonia); or an iron carbide produced commercially 
by Daiken Industries, Osaka, Japan. 

The second component preferably will be an iron 
carbide obtained from the commercial source A.D. 
Mackay Industries, Red Hook, N.Y. 

45 The third component preferably will be an iron 
nitride from the commercial source A.D. Mackay In- 
dustries, Red Hook, N.Y. and, more preferably, a mix- 
ture of iron nitride and zirconium nitride or zirconium. 
The zirconium and zirconium nitride may be obtained 

so from a commercial source Alpha Products Danvers, 
Massachusetts. 

It is believed that these differences in ignition and 
combustion temperatures between commercially 
available iron nitrid and iron nitride prepared by the 

55 above-described method as well as the differences in 
ignition and combustion temperatures between com- 
mercially available iron carbide and iron carbide pre- 
pared by the above-described method are due to dif- 

4 



7 



EP 0 514 151 A2 



8 



ferences in the methods of making these iron carbides 
and iron nitrides. These combustion and ignition tem- 
perature differences will influence the selection of 
metal carbides, metal nitrides and metals used in the 
heat sources of this invention. 

ignition of the above described composite heat 
source results in a three-stage ignition process. How- 
ever, a two-stage ignition process is also contemplat- 
ed by this invention. For example, when iron carbide, 
made by the above described method, is used as the 
first component it has a combustion temperature of 
between about 350°C and about 650°C. This combus- 
tion temperature is high enough to ignite the "third" 
component (e.g., zirconium nitride, zirconium or com- 
mercially available iron nitride) which have ignition 
temperatures in the range of between about 500°C 
and about 900°C without the need to go through the 
ignition and combustion of the "second" component 
Therefore, it is not a requirement for the staged igni- 
tion composite heat sources to have this "second" 
component However, the addition of a "second" com- 
ponent with an ignition and combustion temperature 
which is in between that of the "first" and "third" com- 
ponents will facilitate the ignition of the "third" compo- 
nent 

Ease of lighting of the heat source is accomplish- 
ed by providing a composite heat source with an igni- 
tion temperature of its first igniting component suffi- 
ciently low to permit lighting under the conditions de- 
sired. 

In the case of a smoking article, the lighting con- 
ditions desired would be the same as for a conven- 
tional cigarette (i.e. a match). The ignition tempera- 
ture for the heat source 20, which is substantially the 
same as that of the lowest-igniting component of the 
heat source, is below about 300°C and preferably be- 
low 225°C. Thus, the preferred mixtures of metal car- 
bides, metal nitrides and metals used in heat source 
20 are substantially easier to light than conventional 
carbonaceous heat sources, which have ignition tem- 
peratures in excess of about 380°C. 

The heat sources of this invention have combus- 
tion characteristics related to the nature and propor- 
tion of metal carbides, metal nitrides and metals in the 
heat source. Any proportion of metal carbide, metal 
nitride and metal may be used to make the metal car- 
bide/metal nitride/metal mixture as long as the heat 
source produced possesses the combustion charac- 
teristics set forth below. 

The combustion temperature for the heat source, 
i.e., the maximum temperatures achieved during com- 
bustion, ranges between about 500°C to about 
1 500°C. Combustion, the reaction of the heat Source 
with oxygen to produce heat and light, is flameless 
and glowing. 

The metal components are combined to form a 
metal carbide/metal nitride/metal mixture preferably 
in a ratio ranging between about 1:1:1 and about 



10:5:1 (metal carbide:metal nitride:metal). Most pre- 
ferably, the mixture comprises about 1 part iron car- 
bide, about 1 part iron nitride, about 1 part zirconium 
nitride or about 1 part zirconium. 

5 Mixtures of metal carbides, metal nitrides and 

metals are highly reactive and may combust sponta- 
neously in air if their reactivity is not passivated. Pas- 
sivation involves the controlled exposure of the heat 
source to an oxidant Preferred oxidants include dilute 

10 oxygen or, more preferably, dilute air. While not wish- 
ing to be bound by theory, it is believed that a low con- 
centration of oxidant will eliminate pyrophoric sites 
while preventing the uncontrolled combustion of the 
heat source. 

15 The rate of combustion of the heat source made 
from a mixture of metal carbides, metal nitrides and 
metals can be controlled by manipulating the particle 
size, surface area and porosity of the heat source ma- 
terials and by adding certain materials to the heat 

20 source. 

For example, the heat source may be formed from 
small particles. Varying the particle size affects the 
rate of combustion. Smaller particles are more reac- 
tive because of the greater surface area available to 

25 react with oxygen. This results in a more efficient com- 
bustion reaction. The preferred particle size of the 
metai carbide and metal nitride components may 
range up to about 700 microns, more preferably be- 
tween about submicron to about 300 microns. The in- 

30 dividual components of the heat source may be syn- 
thesized at the desired particle size, or, alternatively, 
synthesized at a larger size and ground down to the 
desired size. 

The B.E.T. surface area of the composite heat 

35 source also has an effect on the reaction rate. Gen- 
erally, the higher the surface area, the more rapid the 
combustion reaction. The B.E.T. surface area of both 
the metal carbide, metal nitride and metal compo- 
nents should be between about 1 m 2 /g and about 400 

40 m 2 /g, preferably between about 10 nr^/g and about 
200 m2/g. 

The void volume of the heat source is the percen- 
tage of a given volume of a heat source unoccupied 
by the particles of the metal carbides, metal nitrides 

45 and metals. Optimizing the void volume maximizes 
both the amount of the component and the availability 
of oxygen at the point of combustion. If the void vol- 
ume becomes too low, then less oxygen is available 
at the point of combustion. This results in a heat 

so source that is harder to burn. The heat source should 
have a void volume of about 30% to about 85% of the 
theoretical maximum density for the metal car- 
bide/metal nitride/metal. However, if a bum additive or 
enhancer is added to the heat source, it is possible to 

55 use a denser heat source, i.e. f a heat source having 
a density approaching 90% of the theoretical maxi- 
mum. Th metal carbide/metal nitride/metal mixture 
of this invention should have a density of between 
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about 2 g/cc and about 10 g/cc more preferably of be- 
tw en about 3 g/cc and about 7 g/cc and most prefer- 
ably of between about 3 g/cc and about 5 g/cc and an 
energy output of between about 1800 cal/g and about 
2400 cal/g, more preferably between about 2000 cal/g s 
and about 2300 cal/g and most preferably between 
about 2100 cal/g and about 2200 cal/g. 

Certain enhancers may be used in the heat 
source to modify the smoldering characteristics of the 
heat source. Enhancers increase the rate at which the 10 
combustion front propagates from one end of the heat 
source to the other. Enhancers may promote combus- 
tion of the heat source at a lower temperature, or with 
lower concentrations of oxygen, or both. Enhancers 
include oxidants such as perchlorates, chlorates, nl- 15 
trates, permanganates, orany substance which bums 
fasterthan the fuel elements. Enhancers may be pres- 
ent in the heat source in an amount up to about 0.05% 
to about 10% by weight of the heat source. 

Catalysts may also be added to the heat source 20 
to consumme any carbon monoxide formed during 
combustion. The catalyst is preferably a fine powder 
of iron oxide coated with gold. The weight percentage 
of gold to iron oxide is preferably in the range of 0.5% 
to about 10%. The catalyst may be located in a bed 25 
after the heat source. Alternatively, the components 
of the flavor elements may be contacted with plasticiz- 
ers, wetting agents and binders followed by particles 
of the catalyst. 

After the metal carbide/metal nitride/metal, burn 30 
additives and catalysts have been selected, the mix- 
ture is then combined with a binder using any conve- 
nient method. The binder confers greater mechanical 
stability to the metal carbide/metal nitride/metal mix- 
ture. Any number of binders can be used. A carbona- 35 
ceous binder material is preferred. The carbonaceous 
binder material may be used in combination with other 
additives, such as potassium citrate, sodium chloride, 
vermiculite, bentonite or calcium carbonate. Prefer- 
able binders include sugar; corn oil; flour and konjac 40 
flow derivatives, such as "Nutricol", available from 
Factory Mutual Corporation; gums such as guar gum; 
cellulose derivatives, such as methylcellulose and 
carboxymethylcellulose, hydroxypropyl cellulose; 
starches; alginates; and polyvinyl alcohols. More pre- 45 
ferred binders are inorganic binders, such as The Dow 
Chemical Company XUS 40303-00 Experimental 
Ceramic Binder. The metal carbide/metal nitride/met- 
al mixture is preferably combined with the binders so 
that the mixture has a consistency suitable for extru- 50 
sion. 

The metal carbide/metal nitride/metal mixture 
may then be pre-formed into a desired shape. Any 
method capable of pre-forming the mixture into a de- 
sired shape may be used. Preferred methods include 55 
slip casting, injection molding, and die compaction, 
and, most preferably, extrusion. 

Any desired shape may be used to form the heat 



source of this invention. Those skilled in the art will un- 
derstand that a particular application may require a 
particular shape. 

In a preferred embodiment, the mixture is formed 
into an elongated rod. Preferably, the rod is about 30 
cm in length. The diameter of the heat source may 
range from about 3.0 mm to about 8.0 mm, preferably 
between about 4.0 mm to about 5.0 mm. A final diam- 
eter of approximately 4.0 mm allows an annular air 
space around the heat source without causing the di- 
ameter of the smoking article to be larger than that of 
a conventional cigarette. The rods before baking are 
called green rods. Because variations in the dimen- 
sions of the rod may occur during baking, it is prefer- 
able to form the green rods at a slightly larger diame- 
ter than the final diameter of the heat source. 

In order to maximize the transfer of heat from the 
heat source to flavor bed 21 , one or more air flow pas- 
sageways 22, as described in co-pending United 
States patent application Serial No. 07/223,232, may 
be formed through or along the circumference of heat 
source 20. The air flow passageways should have a 
large geometric surface area to improve the heat 
transfer to the air flowing through the heat source. The 
shape and number of the passageways should be 
chosen to maximize the internal geometric surface 
area of heat source 20. Any configuration that gives 
rise to a sufficient number of puffs and minimizes the 
CO produced either under FTC conditions or under 
more extreme conditions that a smoker may create is 
within the scope of this invention. Alternatively, the 
heat source may be formed with a porosity sufficient 
to allow heat flow through the heat source. 

Once the desired shape is formed, it is heated, 
preferably between about 150°C to about 600°C for 
between about 60 minutes and about 400 minutes. 
The metal carbide, metal nitride and metal used in the 
heat source may not be totally stable to heat Conse- 
quently, the formed shapes are preferably heated un- 
der an atmosphere which promotes the stability of the 
metal carbide and metal nitride. More preferably, the 
atmosphere comprises carbon monoxide (CO), car- 
bon dioxide (COJ and ammonia (NH 3 ). Most prefer- 
ably, the atmosphere comprises about 1.4 parts CO, 
about 2 parts C0 2 and about 2 parts NH 3 . 

Baking the formed shapes for too great a duration 
may have an adverse effect on the components of the 
heat source. For example, the metal nitride 'compo- 
nent may decompose if heated at too high a temper- 
ature for too long a period of time. The optimum time 
and temperature may be determined by simple exper- 
imentation. 

As stated above, variations in the dimensions of 
the rod may occur during baking. Generally, between 
about 5% to about 20% change in volume will occur 
as a result of heating. This change in volume may 
cause warping or bending. The shape may also suffer 
inconsistencies in diameter. Following heating, ther - 
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fore, the shape may be tooled or ground to the dimen- 
sions described above. 

In a preferred embodiment (the shape being a 
rod), the rod is cut into shortened segments of be- 
tween about 8 mm to about 20 mm, preferably be- 
tween about 10 mm to about 14 mm. The rod pro- 
duced by this method comprises (1) between about 
5% and about 10% carbon; (2) between about 5% and 
about 60% metal nitride; (3) between about 5% and 
about 60% metal carbide; and (4) between about 5% 
and about 30% metal. The rod may additionally con- 
tain trace amounts of a high valency metal oxide. 

When used in a smoking article, the heat source 
20 is ignited and then air is drawn through the smoking 
article, the air is heated as it passes around or through 
the heat source or through, over or around the air flow 
passageways. The heated airflows through flavor bed 
21, releasing a flavored aerosol for inhalation by the 
smoker. FIG. 3 depicts the combustion profile of a 
metal carbide/metal nitride/metal heat source for this 
embodiment of the invention. Combustion of the heat 
source results in transfer of heat to the flavor bed. The 
temperature of the flavor bed rises above ambient 
temperature but does not reach that of the combusting 
heat source, thus preventing charring or ashing of the 
flavor bed. 

The following specific examples are intended to il- 
lustrate various embodiments of the present inven- 
tion. 

Example 1 

45 grams of iron carbide from Da ike n Industries, 
Osaka, japan, 90 grams of iron nitride from A. D. Mack- 
ay, Red Hook, N.Y., and 45 grams of zirconium from 
Alpha Products, Dan vers, MA, were mixed with 270 
grams of a composite mixture of carbon/iron oxide in 
a sigma blade mixer. Mixing was carried out with the 
addition of 25 grams of methyl cellulose, 25 grams of 
experimental ceramic binder from The Dow Chemical 
Company and 5 grams of glycerine. Water was slowly 
added to the above components to obtain an'extrud- 
able paste for use in a lab extruder. Once the desir- 
able consistency was obtained with the paste, 30 cm 
long rods were extruded using a die which provided a 
starshaped passageway inside a 4.65 mm diameter 
green rod. Green rods were placed in the grooves of 
graphite plates which were stacked together and 
baked in argon in a step-wise heating to a maximum 
temperature of 939°F. The baked samples were cut to 
14 mm long heat sources. Two heat sources were ig- 
nited at one end; one heat source under FTC (35 cc, 
2 sec), and the other heat source under 50 cc, 1 5 sec. 
intervals. The heat source under FTC lasted for 6 
puffs giving 5.5 mg of TPM, 0.21 mg of CO, and 12.20 
mg of C0 2 . The heat source tested under 50 cc, 15 
sec. intervals lasted for 1 1 puffs, giving 24 mg. of 
TPM, 0.4. mg. of CO, and 24.41 mg. of C0 2 . The CO 



values generated are substantially lower than con- 
ventional carbonaceous heat sources. 

Example 2 

5 

45 grams of iron carbide from Daiken Industries, 
Osaka, japan, 45 grams of iron nitride made in the lab- 
oratory by reducing iron oxide and nitriding it with am- 
monia, and 45 grams of zirconium nitride from Alpha 
10 Products, Danvers, MA, were mixed with 315 grams 
of a composite mixture of carbon/iron oxide in a sigma 
blade mixer. The same procedures for producing the 
baked 14 mm heat source were followed as in Exam- 
ple 1. One 14 mm heat source was placed inside 
15 quartz tube and heated in a flowing argon. The gases 
were collected and analyzed by a quad ru pole mass 
spectrometer attached to the quartz tube. The CO val- 
ue obtained was 5.9 ug/mg of the heat source, which 
is substantially tower than the CO value obtained from 
20 carbonaceous heat sources. 

Thus, it is seen that this invention provides a heat 
source comprising metal carbides, metal nitrides and 
metals that forms virtually no carbon monoxide or ni- 
trogen oxide gas upon combustion and has a signifi- 
es cantly lower ignition temperature than conventional 
carbonaceous heat sources, while at the same time 
maximizes heat transfer to the flavor bed. One skilled 
in the art will appreciate that the present invention can 
be practiced by other than the described embodi- 
30 ments, which are presented herein for the purpose of 
illustration and not of limitation, and that the present 
invention is limited only by the claims which follow. 



1. A heat source comprising a mixture of combust- 
ible materials, characterized in that the materials 
comprise a low ignition temperature component 

40 with an ignition temperature in the range of 150 to 
380°C and a combustion temperature in the 
range of 500 to 650°C; and a high ignition temper- 
ature component with an ignition temperature in 
the range of 500 to 900°C and a combustion tem- 

45 perature in the range of 700 to 1500°C. 

2. The heat source of claim 1, which further compris- 
es an intermediate ignition temperature compo- 
nent with an ignition temperature in the range of 

so 340 to 600°C and a combustion temperature in 
the range of 500 to 800°C. 

3. The heat source of claim 1 or 2 wherein the low 
ignition temperature component has an ignition 

55 temperatur in the range of 200 to 300°C and a 

combustion temperature in the range of 450 to 
550°C. 
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4. The heat source of claim 1 , 2 or 3 wherein the low 
ignition temperature component is iron carbide or 
iron nitride or a combination thereof. 

5. The heat source of claim 1 , 3 or 4 wherein the high 
ignition temperature component has an ignition 
temperature in the range of 500 to 700°C and a 
combustion temperature in the range of 750 to 
900°C. 

6. The heat source of claim 2, wherein the high ig- 
nition temperature component has an ignition 
temperature in the range of 600 to 700°C and a 
combustion temperature in the range of 750 to 
900°C. 

7. The heat source of any of claims 1 to 6, wherein 
the high ignition temperature component is a 
commercial iron nitride, zirconium nitride or zirco- 
nium or a combination thereof. 

8. The heat source of claim 2 or of any of claims 3 
to 7 when dependent on claim 2, wherein the in- 
termediate ignition temperature component has 
an ignition temperature in the range of 450 to 
550°C and a combustion temperature in the 
rangeof600to700°C. 



als characterized in that it comprises a mixture of 
metal carbide, metal nitride and metal. 

15. The heat source of any preceding claim which is 
5 adapted for use in a smoking article. 

1 6. The heat source of claim 1 5 which is substantially 
cylindrical in shape (20) and has one or more fluid 
passages (22) therethrough. 

10 

17. The heat source of claim 16, wherein the fluid 
passages are formed as grooves around the cir- 
cumference of the heat source (20). 

15 18. The heat source of claim 16, wherein the fluid 
passages are formed in the shape of a multi- 
pointed star (22). 

19. The heat source of any preceding claim wherein 
20 the heat source contains at least one burn addi- 
tive, preferably selected from perchlorate, per- 
manganate, chlorate, or nitrate. 

20. The heat source of any preceding claim wherein 
25 the component particles have a size of up to 700 

microns, preferably in the range of submicron 
size up to 300 microns. 



9. The heat source of claim 2 or 8 or any of claims 
3 to 7 when dependent on claim 2 wherein the in- 
termediate ignition temperature component is a 
commercial iron carbide or zirconium nitride or a 
combination thereof. 

10. The heat source of claim 1 or any of claims 3 to 
9 when not dependent on claim 2 wherein the low 
ignition temperature component is iron carbide 
and the high ignition temperature component is 
iron nitride and commercial zirconium. 

11. The heat source of claim 10, wherein the ratio by 
weight of iron carbide to iron nitride to zirconium 
is at least 1:1:1, preferably 10:5:1. 

12. The heat source of claim 2 or any of claims 3 to 
9 when dependent on claim 2, wherein the low ig- 
nition temperature component is iron carbide, the 
intermediate ignition temperature component is 
commercial iron carbide, and the high ignition 
temperature component is commercial iron nitr- 
ide and commercial zirconium nitride. 



21. The heat source of any preceding claim wherein 
30 the component particles have a B.E.T. surface 

area in the range of 1 to 400 nr^/g, preferably in 
the range of about 10 m 2 /g to 200 m 2 /g. 

22. The heat source of any preceding claim having a 
35 void volume of 30% to 85%. 

23. The heat source of any preceding claim having a 
pore size of submicron size up to 100 microns. 

40 24. The heat source of any preceding claim having a 
density of 2.0 to 1 0.0 g/cc. 

25. The heat source of any preceding claim addition- 
ally containing at least one catalyst. 

45 

26. The heat source of claim 25, wherein the catalyst 
is iron oxide coated with gold. 

27. The heat source of claim 25 or 26 wherein the cat- 
so alyst comprises 0.5% to 10% gold/Fe 2 0 3 by 

weight. 



13. The heat source of claim 12 wherein the ratio by 
w ight of iron carbide to commercial iron carbide 
to commercial iron nitride to commercial zirconi- 55 
urn nitride is 1:1:1:1. 



14. A heat source composed of combustible materi- 
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